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AbstrAct
Objective We aimed to determine the relationship between the prevalence of in-hospital complications and annual institutional patient volume in a population of patients undergoing percutaneous coronary intervention (PCI).
Methods Clinical data of patients receiving PCI between January 2010 and June 2015 were collected from 14 academic institutions in the Tokyo area and subsequently used for analysis. We employed multivariate hierarchical logistic regression models to determine the effect of institutional volume on several in-hospital outcomes, including in-hospital mortality and procedure-related complications.
Results A total of 14 437 PCI cases were included and categorised as receiving intervention from either lowervolume (<200 procedures/year, n=6 hospitals) or highervolume (≥200 procedures/year, n=8 hospitals) institutions. Clinical characteristics differed significantly between the two patient groups. Specifically, patients treated in highervolume hospitals presented with increased comorbidities and complex coronary lesions. Unadjusted mortality and complication rate in lower-volume and higher-volume hospitals were 1.3% and 1.2% (p=0.0614) and 6.2% and 8.1% (p=0.001), respectively. However, multivariate hierarchical logistic regression models adjusting for differences in the patient characteristics demonstrated that institutional volume was not associated with adverse clinical outcomes. Conclusions In conclusion, we observed no significant association between annual institutional volume and in-hospital outcomes within the contemporary PCI multicentre registry. Trial registration number UMIN R000005598.
InTROduCTIOn
Despite reduction in mortality over the past decade, 1 cardiovascular disease remains a leading cause of death worldwide. [2] [3] [4] Interestingly, several studies report significant variability in the clinical performance of therapeutic modalities such as percutaneous coronary intervention (PCI). 5 6 Specifically, numerous studies demonstrate that greater institutional volume is associated with improved patient outcomes following PCI. [7] [8] [9] [10] Conversely, multiple reports consistently associate centres performing less than 200 PCIs per year with significantly poorer patient outcomes. 10 11 Accordingly, the 2013
Key questions
What is already known about this subject?
► Multiple reports have shown an inverse association between institutional volume and outcomes in patients undergoing percutaneous coronary intervention (PCI).
What does this study add?
► This was a large-sample observational study of patients who received PCIs performed in Japan. ► This study was designed to evaluate the association between institutional volume and in-hospital mortality or complications in the modern drug-eluting stent era. ► The study's data were obtained from a prospective, multicentre registry, collecting 200 clinical variables and outcomes, of which we were able to investigate. ► Multivariate hierarchical logistic regression models revealed that institutional volume was not associated with any of the clinical outcomes in Japan.
How might this impact on clinical practice?
► The magnitude of the volume-outcome relationship could be modest for PCI in the modern era because it has become a common procedure. Kodaira American College of Cardiology Foundation/American Heart Association/Society for Cardiovascular Angiography and Interventions clinical competence statement on coronary artery procedures recommends that PCIs be performed at high-volume centres. 12 However, studies performed in Taiwan and Japan, where the majority of the population is covered by health insurance 13 and the incidence and mortality rate due to coronary heart disease is relatively low, [14] [15] [16] [17] [18] demonstrate no significant relationship between institutional volume and clinical outcome. [19] [20] [21] As a rather large proportion of PCI centres in Japan still perform less than 200 PCIs annually, 22 23 it is of critical importance to determine if and to what extent institutional volume is associated with clinical outcome. Therefore, the objective of our investigation was to (1) compare clinical characteristics, treatment patterns and adherence to guidelines on medication between low-volume and high-volume PCI centres and (2) evaluate the association between institutional volume and in-hospital adverse outcomes using the Japan Cardiovascular Database-Keio inter-hospital Cardiovascular Studies (JCD-KiCS) PCI registry.
MeTHOds data source
Patient cohorts were derived from the JCD-KiCS database. The JCD-KiCS is a prospective, multicentre registry developed to archive clinical data on patients undergoing PCI. Clinical variables and in-hospital outcomes of the JCD-KiCS were defined in accordance with the large PCI registry in the USA, National Cardiovascular Data Registry (NCDR) V.4.1. 24 25 The study was approved by the institutional review board of Keio University School of Medicine. Before the launch of the registry, information on the objectives of the present study, its social significance and an abstract were provided for clinical trial registration with the University Hospital Medical Information Network. Details of JCD-KiCS data collection and audit processes have previously been described. [26] [27] [28] study population Between January 2010 and June 2015, 15 125 PCIs were performed at 15 hospitals in the JCD-KiCS PCI registry (figure 1). A total of six and eight hospitals were assigned to the lower-volume and higher-volume hospital groups, respectively. A total of 633 cases were excluded due to presentation of cardiogenic shock on arrival. Additionally, 55 cases performed in one of the hospitals were excluded as this hospital discontinued registration after March 2011. Annual institutional volume was calculated for each hospital from its total number of PCIs registered in JCD-KiCS during the study period, divided by the number of years during which the number of PCI procedures was non-zero, based on the unique hospital identification number. The patient population was then subdivided into two hospital groups based on annual Interventional cardiology institutional volume: <200 cases/year (lower volume) and ≥200 cases/year (higher volume).
study endpoints
The primary outcome identified was the occurrence of in-hospital mortality; secondary outcomes were general in-hospital complications. General complications were defined as the occurrence of one or more of the following procedural complications: severe coronary dissection or perforation; myocardial infarction after PCI; cardiac shock or heart failure; cerebral bleeding or stroke; bleeding complications. Bleeding was defined as the presence of one or both of the following within 72 hours of PCI: requirement of blood transfusion or prolongation of hospital stay with decreases in haemoglobin more than 3.0 g/dL. These eventualities are equivalent to a type 3 classification according to Bleeding Academic Research Consortium criteria. 29 Furthermore, bleeding complications were classified into puncture-site bleeding, haematoma, retroperitoneal bleeding, gastrointestinal bleeding, genitourinary bleeding or other bleeding.
statistical analysis
Results are reported as mean±SD for continuous variables and as a percentage for categorical variables. Differences between the two cohorts were analysed using χ 2 test for categorical variables and Student's t-test for continuous variables. For missing adjustment variables, multiple imputations were used. Hierarchical modelling was purposefully designed to analyse data with nested observations. Multilevel hierarchical mixed-level logistic regression modelling 30 (with patient-level factors nested within hospital-level factor) was used with hospital number as a random effect to compare in-hospital mortality and complication rates between lower-volume and higher-volume hospitals. Variables used for adjustment include patient characteristics from the CathPCI risk model. 31 The analyses were adjusted for age, heart failure at admission, presentation with ST-segment elevation myocardial infarction (STEMI), institutional volume level (higher: annual volume ≥200 cases per year; lower: annual volume <200 cases per year), peripheral vascular disease, prior heart failure, estimated glomerular filtration rate and chronic lung disease. We further performed subgroup analyses by including interaction between institutional volume and the variable of interest. Sensitivity analysis was performed incorporating year of PCI as variable for multiple logistic regression. Sensitivity analysis was also performed using continuous variable for institutional volume. SPSS V.24.0 (IBM) was used for analysis and statistical significance was set at p <0.05. For comparison of various unadjusted in-hospital outcomes, we applied Bonferroni adjustment to address the problem associated with multiple comparisons. We divided the alpha level (0.05) by the number of in-hospital outcomes being compared (10) and used the computed value, 0.005, as the new alpha for this analysis.
ResulTs
Baseline characteristics of the study population In total, 14 437 PCI cases met the specified enrolment criteria. With respect to annual volume, 2835 cases were performed in lower-volume hospitals and 11 602 cases in higher-volume hospitals. Baseline patient demographic and clinical features stratified by annual institutional volume are listed in table 1. Interestingly, several parameters were significantly different between the two patient cohorts. Specifically, patients treated in lowervolume hospitals were more likely to smoke and present with STEMI. Further, comorbidities such as diabetes, renal dysfunction, dialysis, dyslipidaemia, cerebral artery disease and peripheral vascular disease were less prevalent in patients treated at low-volume institutions. Conversely, patients treated in higher-volume hospitals were comparatively older. Table 2 compares the procedural characteristics across the two patient cohorts. Patients treated in lowervolume hospitals were statistically less likely to receive a drug-eluting stent. Further, less than 20% of patients at lower-volume hospitals received PCI via radial access, significantly fewer compared with higher-volume centres (~45% of PCI cases). In contrast, patients treated in higher-volume hospitals required intra-aortic balloon pump support at a significantly higher frequency compared with lower-volume treatment facilities. Lastly, prescription rates of cardiac medication in relation to annual hospital volume are shown in table 3. Notably, statin prescription rate was significantly higher for patients receiving care at higher-volume hospitals.
Procedural characteristics
unadjusted in-hospital outcomes Figure 2 shows the comparison of both in-hospital mortality and in-hospital complications between the patient cohorts. Overall, in-hospital mortality rates were similar between the two groups: 
Predictors of patient mortality and general complications
With respect to the overall patient population, in-hospital mortality was predicted by multiple variables including age, glomerular filtration rate, heart failure at admission and presence of STEMI (table 4) . Importantly, our analysis demonstrated that institutional volume was not an independent predictor of in-hospital mortality. Further, variables Values are presented as n (%) or mean±SD, as indicated. ACC, American College of Cardiology; AHA, American Heart Association; CTO, chronic total occlusion; DES, drug-eluting stent; IABP, intra-aortic balloon pump; IVUS, intravascular ultrasound; TRI, trans-radial intervention. Values are presented as n (%). DAPT, dual antiplatelet therapy.
Interventional cardiology predicting general in-hospital complications included prior heart failure, age, glomerular filtration rate, heart failure at admission and presence of STEMI (table 5) . Again, our analysis indicates that institutional volume did not independently predict general in-hospital complications.
subgroup and sensitivity analyses
We found no significant difference in the magnitude of effect of institutional volume on in-hospital mortality or general complications according to whether the presentation was STEMI or not (p=0.42 and p=0.12), whether the target lesion was type C or not (p=0.37 and p=0.71), whether the target was chronic total occlusion or not (p=0.86 and p=0.27) and whether the target included bifurcation (p=0.85 and p=0.81) (figures 3 and 4). In our sensitivity analysis, which incorporated the year of PCI as a time-related variable, we found no significant difference in the magnitude of effect of institutional volume on in-hospital mortality (OR 1.099, 95% CI 0.777 to 1.555; p=0.592) or general complications (OR 1.407, 95% CI 0.878 to 2.257; p=0.156) (online supplementary tables S1 and S2). Although mortality rate remained stable throughout the study period, complication rates have significantly declined recently. Results were unchanged analysing institutional volume as continuous variable (online supplementary tables S2 and S4).
dIsCussIOn Our present investigation demonstrates three significant findings: First, the patients in the two analysis groups present with significantly different clinical and angiographic backgrounds. Second, although the two patient cohorts had similar in-hospital mortality, lowervolume hospitals were associated with significantly improved in-hospital outcomes with respect to postprocedural complications. Third and most importantly, after adjusting for confounding factors, institutional procedural volume was not associated with in-hospital mortality or general complications. We observed wide variation in patient background and coronary lesion characteristics between the two patient cohorts. The patients receiving treatment at lower-volume hospitals exhibited significantly reduced comorbidity and were less likely to present with complex coronary lesions. Previous reports indicate that patients presenting with heart failure or multiple comorbidities are often treated with medical therapy alone. 32 33 Moreover, Pandey et al demonstrated that annual PCI volume was significantly lower in patients with diabetes mellitus who were admitted with non-STEMI and did not receive revascularisation. 32 Indeed, it is imperative to note that patient risk status may influence the current volumeoutcome theory. According to Lee and Kwak, 34 obstetric delivery service at high-volume hospitals was associated with better patient outcomes in a defined 'medium-risk' group, while this volume-outcome relationship was not Interventional cardiology observed in relative low-risk or high-risk patient groups. Compared with previous reports, our patient population was composed of markedly higher-risk patients, with higher frequencies of elderly patients and patients with diabetes undergoing PCI. Further, the increased prevalence of high-risk patients may explain why a positive volume-outcome relationship was not identified in the present investigation. Our data further indicate that unadjusted in-hospital complication rates were significantly increased at higher-volume institutions, a finding attributed to the increased incidence of bleeding events and procedural myocardial infarction. We previously reported that patients receiving PCI in Japan present with a significant prevalence of complex coronary lesions, including type C, bifurcation and CTO. 35 Interestingly, our analysis indicates an enhanced frequency of these coronary lesions in patients receiving intervention at higher-volume hospitals. Due to increased procedural experience, interventional cardiologists at highvolume care centres may have been more confident and, as a result, overly aggressive in treating these challenging coronary lesions. This tendency has been observed in multiple reports 7 36 and appears pronounced in our investigation. Indeed, differences in local expertise have been reported to influence the decision-making process of clinical cardiologists. 32 37 As a result, the difference observed in the background and clinical risk factors between the two patient groups could have played a greater role than their technical differences.
Importantly, our analysis demonstrates that the risk-adjusted in-hospital mortality and complication rates were similar between lower-volume and higher-volume hospitals, regardless of lesion complexity. Compared with our investigation, a majority of previous studies predominantly focused on patients treated in hospitals with larger institutional volume. Genetic, anatomical, environmental and dietary differences have been suggested to influence variance in clinical outcome between different countries. 38 Moreover, this heterogeneity between countries could be exacerbated by differences in the quality of medical care as well as financial support received by medical centres. 39 In Japan, for example, the majority of medical expenses are covered by health insurance. 13 Consequently, physicians are able to perform the required procedures, with little pressure from insurance companies regarding potential cost. 40 Due to these differences, it is possible that associations between institutional volume and clinical outcome may not occur in these countries. Indeed, Lin et al 19 reported no significant difference in 30-day mortality between medium-volume hospitals (200-399 cases per year) and high-volume hospitals (≥400 cases per year). Similarly, studies performed by Shiraishi et al 21 and Tsuchihashi et al 20 found no significant difference in in-hospital mortality rates between highvolume hospitals and low-volume hospitals among patients undergoing PCI for acute myocardial infarction. Recently, Inohara et al demonstrated the association between lower institutional volume (<150 cases per year) and worse in-hospital outcomes in nationwide Japanese registry; J-PCI. 41 This study did not describe patient characteristics at low-volume and high-volume hospitals because the number of variables was limited in the J-PCI registry. On the contrary, the KiCS-PCI registry collects detailed patient and procedural data, which makes our study relevant.
It is further possible that, as indicated by Dimick et al, 42 institutional volume could merely be one of the numerous predictors of hospital performance, but perhaps a poor one. Undoubtedly, institutional volume is an important factor, as multiple reports demonstrate that high-volume hospitals exhibit superior performance in high-risk procedures. 43 44 However, the magnitude of the volume-outcome relationship has been suggested to be modest in common procedures [45] [46] [47] ; PCI has indeed become a common procedure in Japan, being performed around 200 000 times annually. 35 Historically, Japanese medical policy has attached the utmost importance to providing accessible, comprehensive medical care with little concern regarding cost. According to the 2015 Organisation for Economic Co-operation and Development (OECD) Health Statistics, the number of hospital beds per capita was highest in Japan, compared with other OECD countries (13.3 beds per 1000 population). Japan further has the highest number of hospitals relative to its population, with 67.3 hospitals per million individuals. Moreover, patients in Japan can access cardiology specialists directly. However, with its rapidly ageing society, adjustments must be made to the current medical system. 48 In Japan, where population density is relatively high, it may be possible to centralise the treatment of patients with cardiovascular disease within specialised high-volume centres. This centralisation of PCI centres is in fact part of the Japanese policy agenda of specialisation of hospital beds (Improving the Quality of Japan's Hospital Care; OECD Reviews of Healthcare), attempting to provide a possible solution to the rapidly expanding Japanese healthcare budget.
limitations Our study has several limitations. First, this is an observational study and not a randomised trial. Lacking necessary hospital experience, cardiologists in low-volume hospitals may have withheld aggressive PCI for stable patients with complex lesions and other comorbidities in order to avoid complications. Therefore, we cannot discount the possibility that low-volume centres may have sent their sickest patients to other facilities, possibly higher-volume hospitals. This eventuality would be unsurprising: most of the lower-volume hospitals did not have on-site cardiac surgery. However, as we only have data on patients receiving PCI, we cannot estimate the rate of transfer between treatment facilities. Therefore, we cannot rule out the possibility that lower-volume hospitals did not provide revascularisation to patients at increased risk for adverse events. Second, detailed data on angiographic characteristics such as SYNTAX score could not be obtained from the registry. Third, our registry does not include all institutions currently performing PCI in Japan. Fourth, our registry does not include annual operator as a variable and its effect could not be estimated. Recently, a study using data from the NCDR showed an inverse relationship between PCI operator volume and in-hospital mortality. 49 Finally, we do not present data regarding long-term outcomes of these patient cohorts. However, this warrants further investigation, as a recent report indicated that survival advantage persisted until follow-up in patients receiving treatment at high-performing centres during hospitalisation. 50 
